Proof that black holes exist will likely require confirmation of the existence of event horizons. The common assumption that the mere existence of large compact masses proves the case for black holes is an unwarranted extrapolation of General Relativity into a strong-field regime where it has not been adequately tested. Neither the large compact masses of galactic nuclei nor the massive compact objects of stellar mass in the x-ray binaries prove the existence of black holes. In contrast to the case for galactic nuclei, we have the necessary tools for obtaining either proof or disproof of event horizons in the x-ray binaries.
Introduction
It is safe to say that most astrophysicists these days believe, with varying degrees of certitude, that black holes exist. It is also safe to say that there is no proof whatsoever that they do exist. If pressed, most cite the supermassive active galactic nuclei as the best proofs of black holes. One measure of their candidacy is the gravitational potential, u(r) = GM/c 2 r. Despite AGN masses of millions to billions of solar masses, the smallest radii of which we can be certain leave u(r) in the range 0.001 to 0.01, while 0.5 is needed to even make good black hole candidates (BHCs) of them. Even if one is found with u(r) > 0.5, we have no obvious way to prove that it possesses the necessary signature of a black hole; an event horizon. Clearly the mere existence of large compact mass cannot, by itself, serve as proof of the existence of a black hole. Assertions to the contrary are merely unwarranted extrapolations of General Relativity into a strong-field regime where it has never been tested.
A better place to look for proof of black holes is among the x-ray binary (XRB) star systems. These systems contain neutron stars (NSs) as well as BHCs. The trick is to tell them apart. In most cases this is very easy, but a few NSs mimic the spectral characteristic of BHCs so well that a firm mass determination is needed to really confirm black hole candidacy. According to General Relativity (GR), x-ray sources in excess of 2.8 M ⊙ would be black holes rather than neutron stars (Kalogera & Baym 1996) . At present there are at least ten such BHC systems known. Approximately twenty other candidates have been identified by their similar spectral characteristics. History strongly suggests that some of these BHCs may later reveal themselves to be neutron stars by showing bursts, pulses or possibly twin-peak kHz quasi-periodic oscillations (QPOs) (Berger et al. 1997 ). There are spectral features common to the BHCs, but there are no signatures of an event horizon. Cir X-1, once a respectable BHC, is a good example of a neutron star that displays most of the -4 -major spectral features of the BHCs.
Despite a present lack of event horizon signatures, we have the tools to identify them;
and perhaps very, very soon. One tool consists of sophisticated satellites such as Rossi, IXAE, Beppo-Sax and others capable of monitoring events on the time scales of orbital periods in the inner accretion disks of the XRBs. The other tool, to be described below,
consists of an alternative theory of gravity that has metric properties so similar to those of GR that the two theories differ essentially only by the difference between an event horizon and a solid surface. In the alternative theory, all of the BHCs in XRBs would simply be massive NSs. It is fundamentally immaterial whether this theory is ultimately right or wrong, though it passes all presently known tests of relativistic gravity theories. The important point is that it gives us the ability to test every subtle spectral feature of an XRB to determine whether it arises from a black hole or a neutron star. Besides helping to identify some BHCs, the presence of mass in excess of the NS limit set by GR is also irrelevant. Either they have event horizons or they do not. It is time to settle the issue.
Contrary to the opinions of many, it is seriously in doubt.
Recent observations (Berger et al. 1997 ) and interpretations (Swank 1998) Observation of an innermost marginally stable orbit for some NSs is intriguing in its own right. With the disk terminated above the star surface they would be "gap accreters" (Kluzniak & Wilson 1991) . Gap accretion can account for the production of power-law hard tails (> 10 keV photons) in the spectra of neutron stars (Kluzniak & Wilson 1991 , Hanawa 1991 , Walker 1992 . In fact, gap accretion can account for precisely those spectral characteristics that some NSs share with the BHCs (see below). According to General
Relativity, the binding fraction of potential accretion energy at the marginally stable orbit would be 5.7% for either NSs or BHCs. There is simply no reason to expect much difference between their disk properties except for lower Keplerian frequencies and weaker g-fields in the disks of BHCs. To have important spectral features arise from the boundary layer of a neutron star raises a stark question of just how BHCs might produce the same features.
Since at least fifty papers per year are published in attempts to answer this question, no attempt to summarize them will be made here, however, the inadequacies of some of the more prominent theories will be pointed out.
Yilmaz Gravitation
To treat the idea of black holes as an open question necessarily means contemplating at least a partial failure of GR. Most relativists consider this to be unthinkable, but in the arena of science, experiments and observations must ultimately rule. To continue with neither proof nor consideration of alternatives would be the ritual practice of a religion.
The alternative gravity theory of Hüseyin Yilmaz (Yilmaz 1958 (Yilmaz , 1971 (Yilmaz , 1975 (Yilmaz , 1992 (Yilmaz , 1995 differs from GR primarily by the addition of one term to the right member of the Einstein field equation. The added term represents the stress-energy of the gravitational field. Its -6 -inclusion leads to local energy-momentum conservation, a field Lagrangian and quantization (Yilmaz 1995) . The first version of the Yilmaz theory was criticized by Will (1974 Will ( , 1981 , however, the Yilmaz metric is no longer of the criticized form. The present (1992) version
of the theory appears to be a fully viable extension of GR. Alley (1995) has shown the Yilmaz metric to be free of singularities and event horizons. Robertson (1998) has shown that neutron stars of ≈ 10M ⊙ are permitted by the theory. This is likely sufficient to cover the range of masses of the BHCs in the XRBs. Galactic nuclei masses would be permitted for objects of lower mean density than NSs.
The minor modification of the Einstein field equation leaves a strong metric similarity of the two theories. The static limit interval is sufficient for the present discussion. In this limit the Yilmaz metric (YM) is:
where:
and u(r) = GM/c 2 r is the gravitational potential at distance r from mass M. The
Schwarzschild metric (SM) is:
and:
The exponential form of g(r) is consistent with special relativity and the principle of equivalence applied to accelerating frames (Einstein 1907 , Rindler 1969 , Yilmaz 1975 . It is noteworthy that the addition of an arbitrary constant to the potential merely rescales the exponential metric. In contrast, SM depends on an absolute potential. The 2.8 M ⊙ limit for Since the metrics of these theories are so very nearly the same outside the marginally stable orbit, it would be quite difficult to distinguish them on the basis of accretion disk properties. They differ primarily and profoundly by the difference between an event horizon and a solid surface. Phenomena arising very near the compact objects in BHCs will be required to test the differences of the two theories. There could hardly be better news for astrophysics! The existence of an event horizon or the presence of a surface can now be demonstrated. It would be hard to imagine a more decisive test. The remainder of this article will analyze currently available observations for indications of the likely outcome of more detailed tests.
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Spectral Characteristics of Massive Neutron Stars
Based on his studies of gap accretion, Mark Walker (1992) suggested that BHCs might simply be massive NSs, though he gave no explanation of how they might exceed the 2.8 M ⊙ limit. The Yilmaz theory clearly supports Walker's conjecture. Consider then, the following BHC spectral characteristics: a) power law spectra that may extend beyond 400 keV.
b) presence of hard x-ray power law features at luminosities above 10 37 erg/s. c) spectral state switching between high luminosity, soft spectra and lower luminosity harder spectra.
d) ultrasoft emissions with peaks near 1 keV at high luminosity levels.
e) flickering, particularly in quiescence.
f) slow ≈ 6 Hz QPOs at high luminosities, and other QPOs. g) soft quiescent emissions, in excess of the power law features that correspond to small radiating areas when treated as blackbody emissions (Tanaka & Shibazaki 1996) . h) hard radiations delayed relative to soft radiations (hard lags).
i) strongly coherent hard and soft radiations (Nowak et al. 1998 ).
Some of these phenomena are still lacking proposed explanations in terms of black holes and accretion disks. All of them have simple explanations as NS features. In general, the objects massive enough to be BHCs would also be massive enough to exhibit gap accretion. In this case the accretion disk would terminate in the vicinity of the innermost marginally stable orbit and a gap would exist between this location and either an event horizon or NS surface. In either case, the flow decouples from the disk at the sonic radius.
Further, the rapid decrease of density as mass accelerates inward should strongly suppress the production of radiation from within the gap. This effect, as well as the trapping of photons inside the photon orbit of the SM, leaves substantial doubt about the quantity of -9 -energy that could escape from within the marginally stable orbit for black holes. This is a serious concern considering that only 5.7% of the potential rest mass-energy of accretion is acquired outside this orbit.
A separate radiating boundary layer would exist on NS surfaces. The nature of the boundary layer and the spectral features of low mass NSs which are not gap accreters should be quite different from those of massive NSs. For intermediate mass NSs, the gap may close at high accretion rates. Biehle and Blandford (1993) have proposed that gap closure accounts for the hard apex transition in Z-source NSs. Kluzniak and Wilson (1991) and Hanawa (1991) have shown that the boundary layer can produce the hard power law radiations by bulk Comptonization of soft photons from the star atmosphere. The strong radiative coupling and feedback between the inner accretion disk and the boundary layer leads to strong aperiodic variability (flickering) and production of hard radiations even at low luminosities (Walker 1992) . Hanawa (1991) noted that the boundary layer can remain optically thin enough to produce hard photons to about 10 37 erg/s for a relatively low mass NS. He also showed that the optical depth of the boundary layer is inversely proportional to the surface g of the star. More massive NSs with their higher g fields in the YM would be capable of producing hard power laws above 10 38 erg/s (Robertson 1998 ). This provides a trivial explanation of item b) above which is considered to be unique to BHCs (Barret, McClintock & Grindlay 1996) . In addition, the optical depth of the boundary layer would vary with accretion rate.
Spectral state switching would be a natural consequence. Robertson (1998) has shown that the binding fraction at the surface of a massive NS in the YM can reach 70 %. Since only 5.5 % is dissipated in the accretion disk, the boundary layer would be the most luminous feature of an XRB above about 2 M ⊙ . At high luminosities the boundary layer would be prominent and its optical depth would determine -10 -the proportions of hard and soft radiations emitted. The soft portions for BHCs would be ultrasoft due to surface redshift. Redshift can be quite large as values of u(r) exceed 1.25 for massive NSs in the YM. Redshifts with z ≈ 2.5 can occur. Ultrasoft peaks would simply be the signatures of strongly redshifted boundary layer radiations from massive objects. Low mass neutron stars produce blackbody emissions that peak at energies as much as three times higher without the large redshift. When optically thin in quiescence, the boundary layer would be responsible for both the power law emissions and the excess soft emissions that correspond to small radiating areas (Tanaka & Shibazaki 1996) . The small radiating area would simply be that of a boundary layer belt or polar cap.
The slow QPOs occur at high luminosity levels in both NSs and BHCs. They have been explained as accretion disk flow and opacity oscillations driven by surface radiations from NSs (Fortner, Lamb & Miller 1989) . It is not known how they would be produced by black holes. Other QPOs are poorly understood. There are many potential sources for them, including star vibrational modes, boundary layer waves, disk seismic modes, outer orbital frequencies and Lense-Thirring frame dragging. Lense-Thirring effects are somewhat improbable as explanations due to both expected large viscous damping (Markovic' & Lamb 1998.) and the necessity for a non-equatorial orbit. Some kHz QPOs may be at the Keplerian frequencies of the inner disk.
In the YM an unstable photon orbit occurs for r = 2GM/c 2 , or u(r) = 1/2. Although photons with a non-zero outward radial momentum component can always escape, some could be entrained in the boundary layer for relatively long times. Hanawa (1991) showed that extensively repeated scatterings within the boundary layer produced very energetic photons. If energy is acquired in rough proportion to time spent in the boundary layer it would produce the near constant phase lags observed in flickering and QPOs. In addition, multiple scatterings between boundary layer and inner accretion disk can also produce -11 -hard photons (Walker 1992) . Both types of scattering should produce considerable hard lags. Hard time delays on time scales ranging from boundary layer crossing times of a few microseconds to several seconds should be expected. The strong coherence of hard and soft radiations would be a natural consequence of their common origins in the boundary layer.
The boundary layer serves as the locus of global variations needed for the strong coherence of these radiations (Nowak et al. 1998) . Nowak et al. and Miyamoto, et al. (1988) have noted that accretion disk/coronal cloud models and advective accretion models of black holes face severe difficulties in accounting for these time dependent spectral features.
Discussion
Surface and boundary layer effects provide clear and compelling explanations of the spectral features of gap accreting NSs. These features are precisely those that they share with the BHCs. It will be very difficult to explain the similar properties of BHCs in some other way with just the accretion disks they share with NSs. The weaker g-fields in disks of black holes would lead us to expect softer spectral features rather than harder ones. In contrast, the widening gaps of more massive NSs would lead to harder spectral tails. The stronger surface g-fields of more massive objects would keep the surface boundary layer optically thin to the much higher luminosity levels that produce the redshifted ultrasoft peaks. Unless some clever mechanism exists to extract significant accretion energy from within the gap for black holes, while excluding the gap accreting NSs, the concept of a black hole is perilously at odds with observations. Nevertheless, neutron star models based on the Yilmaz theory need to be developed in detail. It will require careful studies and comparisons to really be certain which theory of gravitation is most nearly correct in its predictions for the XRBs. All that has been shown here is that there are very strong reasons for doing the work.
-12 -Much remains to be done to explore the implications of the Yilmaz theory for astrophysics. Even if it proves to need some now unforeseen modification, it serves the massive neutron star hypothesis well and should be used for this purpose. In addition, it offers the exciting prospect of a quantum theory of gravity. The theory also has implications for cosmology. At the moment, the consideration of massive galactic nuclei is left as an interesting problem. Neither large mass nor compactness are problems for the Yilmaz theory. For u(r) > 1/2 at the surface, the Yilmaz objects would be smaller than black holes of the same mass. They would, however, necessarily be objects of much lower mean density than NSs (Robertson 1998) . Collapsed objects in the YM are capable of near 100% efficiency of conversion of gravitational energy to radiation. They might well be called "grey holes" (Clapp 1973) for their ability to swallow mass while expelling its energy equivalent.
This provides an interesting possibility for stabilizing low density objects with radiation pressure. In this way the Yilmaz theory may also provide a new framework for thinking about galactic nuclei.
